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A perceptual reinforcement theory of stereotyped movements is advanced by Lovaas, Newsom, and
Hickman (1987) in an effort to integrate a number of diverse observations about the origins and
maintenance of this behavior. We, in turn, argue that the theory, as presented, is logically flawed
and fails to take into account important biological findings and theory concerning pathological
stereotyped acts. An alternative theory, derived primarily from neurological concepts, is briefly
described.
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The high incidence of stereotyped movements
among autistic and mentally retarded persons is a
dinically interesting phenomenon that has led to a
great deal of research and speculation. Unfortu-
nately, much of the research, particularly that in-
volving behavioral interventions designed to sup-
press these movements, is of questionable quality.
Moreover, few of these studies, with some instruc-
tive exceptions, have enhanced our understanding
of how such behavior is mediated, or what mech-
anisms are responsible for the origins and main-
tenance of such behavior. Actually, a number of
theories have been advanced over the years to ac-
count for the origin and maintenance of high-rate
stereotypies, induding variants of learning theory,
and different literatures have developed about the
subject, with little crossover (Baumeister, 1978).
Attempts to integrate existing observations into a
theoretical framework, particularly one that gen-
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erates comprehensive and experimentally testable
hypotheses, are needed.
This commentary will examine critically the
"perceptual reinforcement" hypothesis of stereo-
typed behavior advanced in the paper by Lovaas
et al. (1987). Although theoretical explanations
such as the one they advance have become increas-
ingly popular, we believe that this particular theory
has serious weaknesses. In general, it has failed to
account for important observations regarding the
nature of stereotyped behavior, to indude the gen-
erally accepted neurobiological aspects of stereo-
typed behavior, and to generate specific, experi-
mentally testable hypotheses. In this commentary,
we shall propose an alternative theoretical position
that (a) accounts for the nature of stereotyped be-
havior, (b) indudes relevant observations from di-
verse literatures, and (c) generates testable hypoth-
eses concerning the mediation, and, ultimately,
treatment of such behavior. Such criteria are nec-
essary if different theories are to be compared with
respect to the nature and extent of uncertainty re-
solved about any phenomenon. Constraints of space
prevent us from engaging in a detailed discussion
of the theory propounded by Lovaas et al., but we
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shall highlight some major reservations and con-
siderations.
The principal thrust of the position taken by
Lovaas et al. (1987) is that stereotyped movements
are operants that are shaped primarily through
"perceptual reinforcers" (i.e., the reinforcing stim-
uli are generated directly by either the response
itself or the particular perceptual arrangement pro-
duced by that response and its environment). The
problems inherent in this theoretical position are
numerous. Let us begin with the authors' use of
the term "perceptual reinforcer." This is a neolo-
gism in the psychological literature. It would be
acceptable if a dear definition were provided, ac-
companied by a discussion of how such stimuli
could be discriminated from other classes of rein-
forcing stimuli. Neither is forthcoming, perhaps
because reinforcing stimuli invariably have a sensory
or perceptual component.
By their use of the term "self-stimulatory be-
havior," the authors define stereotyped behavior in
terms of its presumed function. While they make
this equation early in their paper, the validity of
the argument that stereotyped behavior constitutes
"self-stimulation" is based on the presumption that
stereotyped movements are shaped and maintained
by the perceptual stimuli they generate. There are
critical problems with this assumption, not the least
of which is that it is circular or tautological. Lovaas
et al. (1987) contend that stereotyped behavior is
maintained in the absence of social or other "ex-
trinsic" reinforcement, a position with which we
hardly take issue. However, the second and essential
supposition is that there are reinforcing stimuli
(which, of course, must exist in these authors'
framework) that have to be internally generated.
How are these to be observed?
Advances in neurobiology during the previous
decade have demonstrated condusively that all be-
haviors will generate not only such perceptual stim-
uli, but also related electrophysiological and neu-
rochemical changes. On what basis are perceptual
stimuli selected as the preeminent mechanism in-
volved in the maintenance of such behavior? In
addition, it is certainly tautological to argue that
perceptual reinforcers are particularly potent be-
cause the behavior they supposedly reinforce occurs
at high rates. Finally, there is, we think, a logical
error in assuming that all stereotyped behavior is
functional or serves an "adaptive outcome" for the
organism (e.g., to generate perceptual stimuli, to
modulate arousal). An alternative view, more con-
sistent with current neurobiological concepts if not
popular with many JABA readers, is that stereo-
typed behavior is not adaptive or functional, but
that it represents the behavioral output of dysreg-
ulated neuronal systems. Excessive stereotypy may
be, in the truest sense of the word, the behavioral
consequence of neuropathology.
With respect to definitional issues, Lovaas et al.
(1987) do not make any conceptual distinction
between normally occurring behavior patterns and
those that represent some sort of aberrant or patho-
logical condition. For instance, they are quite will-
ing to consider certain types of infantile responses-
as in the primary circular reactions or infant rock-
ing-in the same context that they indude the
exaggerated repetitious movements observed in so
many retarded and autistic children. The implica-
tion is that these are members of the same dass of
behavior-behavior that is shaped and maintained
by its sensory and/or perceptual consequences. It
is not altogether dear from their arguments how
one gets from the normal expression of "self-stim-
ulatory behavior" to abnormal expressions of "self-
stimulatory behavior." If one thinks entirely in
terms of function, which is consistent with the be-
havioristic view, it is quite possible that the differ-
ence between the behavior exhibited by a normal
infant and a retarded child is one of function rather
than topography. In the former case, the stereo-
typed movements may represent normally devel-
oping transitions between different stages of motor
development, reflecting neuromuscular growth and
elaboration. In the latter case, the behavior may be
produced by deviant neurochemistry, unusual en-
vironmental experiences, and so on.
The authors spend a great deal of time making
the case that stereotypies, particularly complex ob-
ject stereotypies, are learned, and generate percep-
tual stimuli that maintain these behaviors. Few
psychologists, and certainly few readers ofJABA,
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need to be persuaded that antecedents and conse-
quences of behavior can modify its topography,
rate, and temporal and spatial distribution. Rein-
venting these principles using stereotyped behavior
and the perceptual stimuli they generate will do
little to further our understanding of this disorder.
If perceptual consequences are as powerful as the
authors suggest, why don't we all engage in high-
rate stereotypies? Why are exccessive rates of such
aberrant behavior only seen in certain diagnostic
groups?
The fundamental difference between the stereo-
typed behavior of autistic persons or severely re-
tarded persons and the stereotyped behavior ofnon-
retarded persons is the highly repetitive quality of
these behavioral sequences. Lovaas et al. (1987)
contend that the reason for such high-rate behavior
in these individuals is that perceptual consequences
are much more potent in autistic and retarded per-
sons because they are sensory deprived due to in-
activity or lack of environmental stimulation. This
explanation, advanced in the past and thought to
be supported by the nonhuman primate literature,
is unsatisfactory. It is difficult to invoke this ex-
planation when observing, for example, an autistic
child who is engaged in high-rate stereotypies while
in the middle of a play area full of equipment and
toys, and while surrounded by other children and
adults. It is also difficult to explain why rhesus
monkeys isolated during the first year of life display
permanent, spontaneous stereotyped behavior, de-
spite being exposed to the same environmental con-
ditions as control monkeys over the course of the
ensuing 15 to 20 years (Lewis, Beauchamp, Mail-
man, & Gluck, 1986). One response, of course, is
to suggest that other dasses of reinforcers such as
social stimulation or other exteroceptive stimuli are
less potent in these individuals because of their
handicaps. In the absence of good neurobiological
or neuropsychological evidence, it is hard to make
a case simultaneously for increased sensitivity to
perceptual stimuli on the one hand and decreased
sensitivity to other dasses of stimuli on the other.
The contention that perceptual reinforcers are more
durable or less subject to satiation than other pos-
itive reinforcers (as demonstrated by the durability
and high rates of stereotyped behavior) is dearly a
case of circular reasoning.
Another major weakness of the theoretical po-
sition adopted by Lovaas et al. (1987) is that it
fails to account for the most salient attributes of
stereotyped behavior: repetition, rhythmicity, cy-
clicity, and topographical invariance. In addition to
explaining the highly repetitious nature of stereo-
typed behavior, a useful theory must also account
for the highly rhythmical and topographically in-
variant nature of this behavioral disorder. As we
have discussed, perceptual reinforcement theory does
not adequately explain the repetitive nature of ste-
reotypies. Subtle changes in topography or the ex-
istence of multiple topographies is an inadequate
and tautological explanation for why such fre-
quently generated reinforcing stimuli do not result
in satiation and, thus, response extinction.
The authors also do not address the issue of
cyclicity or rhythmicity despite the fact that Berkson
(1983) has recently pointed out that the most dra-
matic feature ofstereotyped behavior is its rhythmic
or cyclic nature. Indeed, this issue is only mentioned
when criticizing the neural oscillator hypothesis. It
is important to note here that the neural oscillator
hypothesis (Lewis & Baumeister, 1982) was in-
voked neither to explain the etiology of stereotyped
behavior nor to suggest treatment. This hypothesis
is simply a way ofaccounting for observations about
the highly rhythmic nature of stereotyped behavior.
That the central nervous system (CNS) does not
require sensory feedback to generate sequenced
rhythmic movements can be considered a general
principle in biology, one supported by an imposing
research literature (Delcomyn, 1980). As we have
shown previously, stereotyped behavior is highly
rhythmic, both in terms of the temporal distribu-
tion of individual responses (e.g., body rocks, Lewis
et al., 1984) as well as the temporal distribution
of bouts or episodes across longer time periods
(Lewis, MacLean, Johnson, & Baumeister, 1981).
One might expect that because stereotyped be-
haviors are both topographically invariant (Lewis
et al., 1984) and highly repetitive they should
rapidly extinguish due to reinforcer satiation. The
authors contend, however, that subtle changes in
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the topography of individual stereotyped behaviors
or the existence ofmultiple stereotypies in the client's
repertoire prevent reinforcer satiation. Such an ex-
planation is certainly post facto and hardly com-
pelling.
Another aspect of the Lovaas et al. (1987) paper
that is particularly troubling is the complete lack
of reference to other literature, dearly pertinent to
an understanding of this behavioral disorder. For
example, the authors describe such stereotyped be-
havior in autistic clients as the repeated assembling
and disassembling of the same jigsaw puzzle. Sim-
ilar behaviors have been observed frequently in
amphetamine abusers and reported in the literature
(Lewis & Baumeister, 1982). In presenting a theory
of stereotyped behavior, the authors are not free to
ignore such dearly relevant observations. It is hard
to argue (nor would any neurobiologist attempt to
argue) that the stereotyped behavior observed in
amphetamine abusers is dependent upon perceptual
reinforcement. In any case, even ifwe assumed that
it was, removing the perceptual consequences of an
amphetamine-induced stereotyped behavior would
only result in performance ofsome other stereotypy.
Such response substitution also occurs in schedule-
induced behavior (Laties, Weiss, & Weiss, 1969).
The topography of such highly stereotyped behav-
ior may well depend upon the environmental con-
text. For example, the induction of schedule-in-
duced polydipsia depends on access to a drinking
tube. Although removal of the drinking tube may
alter the behavior, it will not alter the phenomenon
of schedule-induced behavior, and another stereo-
typed topography will be substituted for the poly-
dipsia.
Response substitution poses a major problem for
perceptual reinforcement theory. While it is rea-
sonable to assume the idiosyncratic nature of rein-
forcers, response substitution following a sensory
extinction procedure suggests that perceptual stim-
uli exert nonspecific effects. Lovaas et al. (1987)
do not address the issue of response substitution,
a serious omission in that the sensory extinction
data of Rincover and his coworkers are the major
source of empirical support for perceptual rein-
forcement theory. The results of these workers must
be independently verified.
The lack of inclusion of relevant information
from the basic and clinical neurosciences in the
theoretical formulation of Lovaas et al. (1987) only
serves to perpetuate the "black box" approach still
taken by many psychologists to the organism under
study. If the function of stereotyped behavior is to
produce perceptual stimuli (actually, our view is
that the generation ofperceptual stimuli is probably
an epiphenomenon), then there must be major neu-
robiological alterations in organisms that engage in
behavior at a rate necessary to provide a constant
bombardment of such stimuli. If the theoretical
position adopted by the authors is correct, then the
critical question becomes "Why do mentally re-
tarded and autistic patients need such continuous
stimulation?"-a question not adequately ad-
dressed by Lovaas et al. The large amount of lit-
erature relevant to the mechanisms of action of
amphetamine and other CNS stimulants provides
testable hypotheses about how pathological stereo-
typies are mediated. Although much is known about
the neurobiology of stereotyped movements in var-
ious species, this highly relevant literature is, sur-
prisingly, not mentioned in the report of Lovaas et
al.
In our view, a much more fruitfil way to proceed
to understand (and treat) stereotyped behavior is
to apply the information and methods available
from the basic and clinical neurosciences. There has
been dramatic growth in these areas both in avail-
able information and in increasingly sophisticated
methods and techniques that can be applied to this
problem.
The position we have adopted is that stereotypies
commonly observed in autistic and severely retarded
persons are the behavioral output of neuronal sys-
tems seriously disturbed during early development.
Developmental insult results in alterations in neural
morphology (e.g., dendritic arborization, number
of synaptic contacts), which in turn, disturbs chem-
ical transmission causing subsequent neural changes
and alterations in behavior. More specifically, cen-
tral catecholamine activity, such as norepinephrine
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and dopamine is dearly related to the expression
of stereotyped movement. Another biochemical
possibility is endorphin overactivity. For instance,
using radio-receptor assay techniques. Gillberg,
Terenius, and Lannerholm (1985) showed that,
among 12 autistic and psychotic children who dis-
played stereotyped self-injurious behavior, 9 exhib-
ited elevated levels of opioid peptides in their cere-
brospinal fluid. Naltrexone is well known to be a
strong opioid antagonist.
These theoretical positions based on biochemistry
readily yield hypotheses that can be tested using
accepted neuroscientific methods. We have hy-
pothesized that excessive stereotyped behavior is
due, at least in part, to alterations in the activity
of dopaminergic systems in the brain. We have
been able to test this hypothesis in several ways.
First, we have recently begun the study of long-
term neurobiological alterations in older adult rhe-
sus monkeys socially isolated during all or most of
their first year of life (Lewis, Beauchamp, Mailman,
& Gluck, 1986). These monkeys, despite being
presently between the ages of 17 and 22, still dis-
play spontaneous, excessive stereotyped move-
ments. Pharmacological challenge studies, using the
direct-acting dopamine agonist apomorphine, have
provided solid evidence of profound, long-term al-
terations in dopamine receptor sensitivity. Our con-
dusion that changes in dopaminergic systems may
mediate stereotyped behavior is supported by a
large number ofstudies conducted in many different
species, induding humans. In this regard, a recent
study by our group on spontaneous eye-blinking
in severely retarded persons has lent further support
to the dopamine hypothesis ofstereotyped behavior
(MacLean, Lewis, Bryson-Brockman, & Baumeis-
ter, 1985).
It is possible to devise a number of other ex-
periments to test the dopamine hypothesis (or other
specific hypotheses) about the neurobiological
mechanisms that mediate stereotyped behavior. For
example, carefillly controlled, double-blind, pla-
cebo drug studies (Lewis, Steer, et al., 1986) are
sorely needed. Such studies would (a) employ drugs
as biological probes to delineate the neurochemical
perturbations present and (b) test the therapeutic
efficacy of specific agents. Biochemical studies (e.g.,
neurotransmitters and neurotransmitter metabolites
in cerebrospinal fluid) and post mortem studies
would be of great benefit in defining the nature
and locus of the neuronal dysfunction. Post mortem
studies using brain tissue from Lesch-Nyhan pa-
tients have provided support for the idea that al-
terations in dopamine may well be mediating the
self-injurious behavior that accompanies this syn-
drome (Baumeister & Frye, 1985). In vivo imaging
techniques such as magnetic resonance imaging
(MRI) or positron-emission tomography (PET) are
sophisticated clinical methodologies that also may
prove applicable to this problem. Continued re-
search using animal models should provide im-
portant and specific hypotheses to be tested in hu-
mans.
In addition to generating testable hypotheses,
our theoretical formulation accounts very nicely for
the defining attributes of stereotyped behavior. For
example, the behavior observed in both humans
and animals following administration of drugs that
activate dopamine systems is typically highly re-
petitive, rhythmical, and topographically invariant.
This is certainly true for the behavior of amphet-
amine abusers and is readily observed in laboratory
animals receiving dopaminergic drugs (Lewis &
Baumeister, 1982).
We believe that alterations in dopamine neu-
rotransmission and receptor function play an im-
portant role in the mediation of the stereotyped
behavior observed in autistic and mentally retarded
persons (although several other neurotransmitter
pathways in the brain are almost certainly in-
volved). We contend that an adequate understand-
ing of stereotyped behavior must involve adoption
of a theoretical position that is grounded in the
principles of modem neurobiology. An adequate
theory of this behavioral disorder must be able to
accommodate a variety of important observations,
account for the defining attributes of stereotyped
behavior, and generate testable hypotheses. The
perceptual reinforcement theory fails to meet these
criteria. With regret, we question whether the ideas
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set forth by Lovaas et al. (1987) really can be
considered "theory" in the traditional sense of sug-
gesting confirming or disconfirming experimental
operations.
REFERENCES
Baumeister, A. A. (1978). Origins and control of stereo-
typed movements. In C. E. Meyers (Ed.), Quality oflife
in severely and profoundly retarded people (pp. 353-
384). Washington, DC: American Association on Mental
Deficiency.
Baumeister, A. A., & Frye, G. D. (1985). The biomedical
basis of the behavioral disorder in the Lesch-Nyhan Syn-
drome. Neuroscience & Biobehavioral Reviews, 9, 169-
178.
Berkson, G. (1983). Repetitive stereotyped behaviors.
AmericanJournal ofMental Deficiency, 88, 239-246.
Delcomyn, F. (1980). Neural basis of rhythmic behavior
in animals. Science, 210, 492-498.
Gillberg, C., Terenius, L., & Lannerholm, G. (1985). En-
dorphin activity in childhood psychosis. Archives ofGen-
eral Psychiatty, 42, 780-783.
Laties, V. G., Weiss, B., & Weiss, A. B. (1969). Further
observations on overt "mediating" behavior and the dis-
crimination of time.Journal ofthe Experimental Anal-
ysis of Behavior, 12, 43-57.
Lewis, M. H., & Baumeister, A. A. (1982). Stereotyped
mannerisms in mentally retarded persons: Animal models
and theoretical analyses. In N. RI Eils (Etj) Intemso-
tional review of research in mental retardation (Vol.
11, pp. 123-161). New York: Academic Press.
Lewis, M. H., Beauchamp, A., Mailman, R. B., & Gluck,
J. P. (1986). Long-term alterations in dopamine re-
ceptor sensitivity in socially separated rhesus monkeys.
Society for Neuroscience Abstracts, 12, 1363.
Lewis, M. H., MacLean, W. E., Bryson-Brockmann, W.,
Arendt, R., Beck, B., Fidler, P., & Baumeister, A. A.
(1984). Time-series analysis of stereotyped movements:
The relationship of body rocking to cardiac activity.
American Journal ofMental Deficiency, 89, 287-294.
Lewis, M. H., MacLean, W. E., Jr., Johnson, W. L., &
Baumeister, A. A. (1981). Ultradian rhythms in ste-
reotyped and self-injurious behavior. American Journal
of Mental Deficiency, 85, 601-6 10.
Lewis, M. H., Steer, R. A., Favell, J., McGimsey, J., Clontz,
L., Trivette, C., Jodry, W., Schroeder, S. R., Kanoy, R.
C., & Mailman, R. B. (1986). Thioridazine metabo-
lism and effects on stereotyped behavior in mentally re-
tarded patients. Psychopharmacology Bulletin 22, 1040-
1044.
Lovaas, I., Newsom, C., & Hickman, C. (1987). Self-
stimulatory behavior and perceptual reinforcement.Jour-
nal of Applied Behavior Analysis, 20, 45-68.
MacLean, W. E., Lewis, M. H., Bryson-Brockman, W., &
Baumeister, A. A. (1985). Eyeblink rates and stereo-
typed behavior: Evidence for dopamine involvement? Bi-
ological Psychiatry, 20, 1321-1325.
Received February 4, 1987
Initial editorial decision February 9, 1987
Revision received February 23, 1987
Final acceptance April 10, 1987
Aczion Editor, Brian A. Iwata
